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3. HRHEZREHEREIR PO FE

EA XHE "

i

TSR SHAR R E R LR =
266071; 2. BERIRSAAESGHEFEEY) AT RO TN 5106325
266071; 4. MEITF KX KBEUKARAT MHE 264006)

WE AR XAhFBAFWELE T %, AR T &AM K Z 4 (Scophthalmus maximus) 4 #
By 2l 2 M B e A B ASAR Y BE . AR B, 7 KR H(19.0£0.5)°C . pH % 7.85. T E K 29.5
TSR E A (7.840.2) mg/L W B A M T, FHIKE H(163.90+1531) g By K ZEF4) &, K Z(TAN)
FrdE B T A(NH3-N)96 h th 2 B 309k JF (LCso) 2 5 4 39.73 71 0.64 mg/L, A AKE . FHEHE K=
F R B AR xt 3 G b iR £ (EPD), & B2 (Cortisol) . #8 & k. 47 5 1. B (SOD) | 78 J& AL A Bt ik (GSH) |
BB BR B (AKP)Fr i #% (GLU) & B/ E A FAE L F ¥ m; ¥ EPI. SOD. GSH. AKP f1 GLU
WA R E T e S e B 4R AT, EPI. % B . AKP fr GLU M % 7 B |6 2 K MK B 48 FH B iy
#ah, B E K I E(TAN 3 E 70.96 71 84.11 mg/L) T, 1% SOD #1 GSH 72 i 28 #1(12 h) iy He 3k
Ft&, GLU thi#E A& (4 h)E 2B EK(12h), BrEa R BN ER S AME BB . £ERH
FA R b Z AR K AREER TN K F G RHAL L 2 09 IR 8 T AAT O B AR B A R

KR AEH; AAAMME,; mEAREER

hESES S949 XEERIAEE A 0 XEHE  2095-9869(2020)02-0051-10

% % (Ammonia nitrogen, AN)JEFR/KMAEH LIAEES
T2 (NH3-N) R 2 1 (NHy-NYE XA e &, — &)
M E A, 527K pH. R FIER B S SH0Y i 2 30
5l 75 5 ff (Johansson et al, 1980), 4tk M M & A
(TAN), X2 HATR#E A M (Randall et al, 2012;
Ruyet et al, 1995), HH, NH;-N i T A5 PERMG=
Hfng, AT ARS8 2 s o 6 1 R i ik, 3 ad
A E i, R AL R, 51k

ta ik rhEE N, #EPETR T NH,-N(Roumieh et al, 2013;
Weihrauch et al, 2009),

K2 ¥ (Scophthal mus maximus) & PA BE A . H [ il
B E K E B K SRR, T E R 5 IA
5 % t, AR FEELTEP 80%74 1 (FAO,
2017)o TR E KZE 6T FR5H (1) 3228 Ty 202 A1) FH 3 T 1Y) Hh
TV K AT Rk R T AR U K SR BE AN AE PR K 4R 21k 3R
B, FEFEK AR A ) 2 R 3 R IE TR E A AL A

P E R RIS BE S A fi PERHIT BE T S A BRI 55 2% L (20 16HY-ZD 1402) F1 111 AR 48 R BHE B 172 1
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Ao 25 A B AR BRI A A 5 YA, TR
FRFH R G, — HoK S8 452 31| BR i 50 A5 ) 08 4
LRI R, RGEAEY T, ZA S IR
Wkl Th i, o A KA A BRI R R . R4 I
A A R ZE P A A AR B i . Rk
(Ruyet et al, 1995; fh5a B4, 2007)F112 1 B8 (Foss
et al, 2007; Ruyet et al, 1997) I BFFE4E , {H R WL 55
TG A H R 4 2 R S 38 1% A B L I
Ak, A 2PN 25 5 5 R IR 0 A7 R i ek
Ap s HAT A Y AR B R O TSI AT N
BUEBPIN R TS RS, v LUk R K R G
RA B RIRTF S BOREE 0F 57 518 11 2% 19 % 4= (Shinoda
etal, 2017; Simon et al, 2017),

AWFgEiEE 96 h RS SRR S, #fiE K
F2 0P RS &y 0 2 2 BOE R B (LCso) R 22 R
(SO), i A At ia T i i A A (b FsAr i AR 1k
A, e N B A bR B, s LR T R W N 1Y)
A PRILRE , B AR SRR ETAT R BB B AR A
LYk SR e R PR R R R

1 MREH®
SR

SCITEIZR M & TF & X RIEUK = A R A R T, 4
AR E I ARMERF, P42 KR (21.06+0.54) cm .,

1.1

=1
Tab.1

PREE M (163.90+15.31) g BEFRARfEOH: | 35 S5 . #1
MEEFT 40, SCURTTAE S KA 5% 48 h, B
[ ANBEAH

SLEG K AERAN 300 L, SEH6 UK SRR 7
FIRPIETE K, KRN (19.0£0.5)°C, pH K 7.85, #hJE
9 29.5, AR K (7.8£0.2) mg/L, TAN<O0.1 mg/L,

S A B

A TSEERARAS 24 h 100%5E T BT R B (LC o0, 241)
196 h AT U E(LCo, 06 1), WML TR,
FRAE TR R B U 2 AR E BRI . A, s A
R AR B SRR B 30.28(A 4).35.90(B4H) .
42.56(C 41). 50.47(D 4H). 59.82(E 4H). 70.96(F ZH)F
84.11 mg/L(G &), &7 MREEACFRZAL, [HIRT, & XT
HEZH ORI NHLC) o 2 E R F 432l NHLCl(E 2548
A1), Lt BgiEE KBl 10 /L () NH,Cl B, BIECED .

BA LI 3 AFATRE, B FATHE A R
FREE At 10 BB, TR, KAEEA 300 L
SRR, R B I AR AR NH,Cl RER,
FR, BOKKEE, B 24 h &K 1R, BokE,
S o P L S F BT IC A [ v B SR A KA L R
FHAN TGIRFR 7 SR8 7K A 0, 24 h 1 SEPR 2 AR B
(F 1) LW AR, & 4 h I 1 ROKIR . A%
SR pH, 5 24 hid SR PATRESE T MAK R, I et
WIBRACT-AMA, ARGET LR fih 15 s PG R i

1.2

FRIEKIE A B ER(TAN)KE
Analyzed TAN and NH; levels in experimental groups

i

540 Experimental group

i H Items

%f & Control A B C D E F G
GEA
. AR 0 30.28 35.90 42.56 50.47 59.82 70.96 84.11
Designed TAN (mg/L)
SR A
0 h SCPREA 0.09 30.39 35.87 42.63 50.58 60.89 71.04 85.14
0 h actual TAN (mg/L)
R
24 h SEFRER 0.15 28.46 33.54 40.00 4731 54.04 64.29 76.79

24 h actual TAN (mg/L)

1.3 SERI[EMERE

SR A R B o R R S A, PR R A A
B IER SN =F 3N < &4 KR 6 QA B LNRA SR = AN 10
M, FEASSCE A 3 N ATRE, BASEATRECA Bk
[R) A% K2 64 0 30 )2 .

1.3.1 fmigA ki TEMMA S 0. 4. 8, 12,
24, 48, 72 F196 h FEHLEUE RN, HIRBHF1TH
HBEMLEURE 2 8, Hte B, b, F. G417E 24 h
Ji, D. EAAE 72 h J5 ESET R, FE 16 B o ki

JEEDRIMAS RO . RILG, K ORI R, A
P I R S0 KR, Ll G X i) — 2% £ F 5 R
D R MR XSS R AR, BURERT, K AR
TR I 57 BIPE AR FE H 200 mg/L 1) MS-222 7K H
PEAT PR R FERRIE(10~15 s RGO ), REFHbKR
I o R ML 732 S5 8 B B 05 2 T 20wl B 1% T 2 BN
B, T REEMA, SREMAESE 4 CIREAE
#E, LL4°C . 4000 r/min #.0> 10 min il £ 1035, 1
2T —80°C UK P AR-AT 5 H
1.3.2  fo iz A S 1ML 3% )% J5i B (Cortisol) £ '
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- BR ZE (EPD) i E R F 1 v il I5E A 4 WIF 5 BT 1Y
ELISA i & ; S PEBERR AR (AKP) . A ALY Ll
(SOD) ., i JF AR 25 I H K (GSH) Al 4 B (GLU) 4 0 7
TR B [ P A A ) T ARSI, BT iR S
e wiilea i o
1.4 HIBSH

KZE6F 24 48, 72 1196 h ) TAN F1 NH3-N [
LCso F1 95% AT {5 X [A]{di Fi] SPSS 17.0 &A% IR R B o7
JALENH (Probit)iesk H o SC Ay A AN (Sprague,
1971):

SC=0.1xLCsp o6,

NH;-N ¥ TAN R Qg KoK bR )
(GB 3097-1997)/A 54

I 3 A= B A Ak F8 A B8 DL 3 (E + bR ofE 2=
(Mean+SD)# /%, K SPSS 17.0 #AF WK £ 5 2 4>
Hr(Two-way ANOVA)iATH: 45, IR Tukey’s £
Eb 558 43 AT [] — 3 B AN [) s [i) R[] — i [i) AN [) 3k 38 Ak
PRAH E] Y22 5, P<0.05 N B EMEES,

2 #R

21 1TARKM

TR ZE BT RIS &Iy £ %o 2, 60 2 0 7 A B e
TR NG, o e B 2 fa AR A T A i g Bsf (R BT, 2 iy R
FEWEL, L G 4H(TAN Ny 84.11 mg/L) M, SZ56TF 4k
Lh N, AR LRI, 2h 5, BhSEH B4
RV R P sl , R TUAT . BTN i AR
Z WG o Skt | PR IR S | ok it BE Bl e KT
. s s e BV FHRE, B T he
f AR EE , N AR S F TO N o FET fa AR E R B
Jr S RMIE . kR BEEEEKTT . rA Ab PR A AR R
P RARIR A e R AR AR TR A R TR
R EE WA R 19 €028 BRE o5t DR e T B &

*x2

22 FHERREMZERE

24 h BHOKEE &M, TAN ¥ B (] 4E K 5L
BB, BURFENT 6.01%(A 41)~9.66%
(E )3 1), A5z8d, 24 h 4K 1 IKAEIRIFR A A
RO BE AEFETE 90% LA I, B, ABETHRIE TS LCso
Fisk R AR X o kR 3 X R R T A2 R R
PE M8 X R EZZBEL) fa i BE R RCR L3R 20 AR 2 T L
A, WEEZAWREN T, HEptE R, 4
FET- 3 Th i 5 Bt 5 B ) B) P A4, B e ARV B 4L 1
HoAh v B AH B FE T B B G I, S RN G i B
P D i s ) 22 < 3 3 448 o

SPSS 17.0 K AFAER S A7 AL [ I (Probit) i 43t
gEHLRIA TAN Fl NH3-N X KZ26F 24 48, 72 f196 h
[ LCso 2+ 510 55.71. 45.53. 41.23. 39.73 mg/L Fl
0.89. 0.73. 0.66. 0.64 mg/L, %A M NH;-N 24k
FE 4350k 3.97 1 0.06 mg/L(F 3).

2.3 MikEBMENLIERS T

231 MAPZE A SR E R SRR E AL
P (] % RZE B 10 % EPL & 280 35 m, H.
THEMAERERZEAENER 4o F—ZREET,
M EPL 5 pf b BRI i) i) 28 4 2 3058 B T+ R R
kA%, AbEL 4 h PN, 4541 EPL & CI B A L, 1t
J&i, EPL 25t ik 51| 5 i 1 A% A 1) i 220 20 e B 1) T o 4
MEETT, EWEABEH (D, E. F MG 4R A
8h )5, EPI ikl m e, Rk (A, B
1 C )R AMA 24 5 12 h 5 ,EPL & =5 B & m il
I 3R Bz U A2 S R L AL BB [R] RN
LHAE B ELW (R 5), Kb FY] i R & B b
Ab B ) AE K SR R TR R, kA
(F A1 G 4H)1 ¢ iz e f#F 12 h N2 18 F+5, 12h
35 T AL PR (P<0.05), % A ZHAMWH AW
() f RS & B AE 24 h IR EH, MEE, U4

[AAMH BN KETHERBILER

Tab.2 Lethal results of acute ammonia toxicity on juvenile turbot

4= AR B Tk ST SBBET- AR Cumulative mortality (ind.)
Groups TAN (mg/L) NH;-N (mg/L) Total fish (ind.) 24 h 48 h 72 h 96 h

A 30.28 0.49 30 0 0 0 0

B 35.90 0.58 30 1 2 4 6

C 42.56 0.68 30 1 8 16 21

D 50.47 0.81 30 11 24 30 30

E 59.82 0.96 30 16 29 30 30

F 70.96 1.14 30 28 30 30 30

G 84.11 1.35 30 30 30 30 30
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Tab.3 The LCsy and SC values of ammonia and non-ion ammonia on juvenile turbot

N e e e 95%E 7 TR 95% & 15 FKR
Tiljjf':m(h) HESEREL LCso (mg/L) Lower limit of ;2% confidence Upper limit of gz% confidence
BEATAN  EETENH-N  SEA TAN  JEE T NH-N - B TAN  JE3 T4 NHy-N
24 55.71 0.89 53.07 0.85 58.54 0.94
48 45.53 0.73 43.62 0.70 47.53 0.76
72 41.23 0.66 39.74 0.64 42.83 0.69
96 39.73 0.64 38.28 0.62 41.24 0.66
F4 SRSHEMEXNAEFMES FRESENZIT
Tab.4 The effect of acute ammonia toxicity on plasma EPI content in turbot
S H ¥ | % EPI (ng/ml)
Groups 0 4h 8h 12h 24 h 48 h 72 h 96 h
X B

12.45+2.25* 12.60+0.59** 11.42+0.91**
Control

12.88+0.78%4 12.87+1.52*

13.82+0.67**  13.41+1.14** 13.08+0.80**

A 10.59+£1.10** 11.65+0.51%°* 12.82+0.66"* 13.76+0.95%" 15.80+1.26°¢ 11.29+1.37%* 12.27+1.55%* 13.56+0.76"4

12.05+0.86™ 12.45+0.66™* 15.26+1.23°C
11.46£2.08™ 12.06+0.97°* 14.37+0.96""
12.14+1.18% 12.10+0.33** 15.71+1.05°C
11.62+1.24* 12.45+0.62°* 14.04+1.22°8
G 12.35+0.33°* 12.59+1.15* 14.45+1.11°8
WA E J5 224531 Two-way ANOVA analysis
BHE A TAN
7% @& I} 1] Exposure time
BRAAEZZEN B2 HEAEH TANxTime

m MmO O w

11.3941.00** 12.46+1.08°* 14.81+1.56°5€ 14.66+1.29°® 16.61+1.16°C
15.80+0.85® 13.55+1.59°48 13.70+0.76**® 13.81+0.83° 14.56+0.59>4
13.31£1.10°° 13.28+0.82°%4P 13.95+0.57%°A8 — —
13.3740.85%* 14.06+1.12°5¢ 12.67+0.68%4 — —
11.82+1.14%4 — — — —
12.34+£1.23* — — — —

15.83+0.60%  12.69+1.14°°* 13.86+1.48%4

F=6.561, P<0.001
F=17.721, P<0.001
F=3.969, P<0.001

TE s — ARG s ANR/ING B3R [ — e B2 20 AN [ I [ 47 16 1 35 22 57 (P<0.05) 5 AN AR 5B [l — IR [RLA ] ke

JE A7 AE 0.3 22 53(P<0.05), T[]

Note: — no determination. Different lowercase letters indicate significant differences in the same concentration group at
different times (P<0.05); Different uppercase letters indicate significant differences in different concentration groups at the same

time (P<0.05), the same as below

FER KT, A A K i Fr i E 12, 72 A1 96 h
S T A HL AT (P<0.05), At ] 55 Ak B A ICH
ZE5
2.3.2  AFRA A E N H R A 25|
ERZEBE AN, o hPT A RN o 25 A FA 1M 3%
SOD {h M2 S AW . ALBRR A A F 22 HAE )
S (3R 6)o SOD ¥ 14 bifl 22 0 vk J3E T 15 Wi 1z s [
PERT, R ANM A HE G H)TEMIE 4 h, 1
I SOD TEPERI B T (P<0.05), & 12 h Rk E
{8, HrEH S D A E 2H SOD W& MEAEMM A 8~24 h J5
TR (P<0.05), BfiJE 2 TR, IRk
(A 41~C 21)SOD 7 P I 5 ke 34, e Mt 5 399 (72
96 h) i AL T X B4 (P<0.05)

HACFA AN GSH &t Z J AW E . Abr
B[] A — B 22 BAE R 0 W 3 R (8 7). GSH ¥ BE fifi

RAWREBAEHRH L, mREPaL4FE M G 4)in
M GSH & HE7EMHE 8 h B i 2 i T % B4 A H A b
FRZH (P<0.05), 12 h ihfmi{H, HABA GSH & bl 2l
AR PE I TR 4G LR A N #E T, H GSH &
HEPR A AL EE 96 h 47 3 = T4 HRZH (P<0.05),

2.3.3 IR IEAAE Bk MiL3% AKP 15 MH:Z 2 A
WSE . AL RN E) RS2 BT R (R 8), AAL
PRI I AKP 375 e Bl 22 00k B 0 38 i 4 b T (1)
AER HRE R, B 2% 28 e ) 2 AR S B TS T BRI
e Hid, F 1 G 4 AKP & &0 4~8 h 2
THRE(P<0.05), fRUELHA . B, O)NFERZE 12~24h A4
WETHE(P<0.05), & 72 h ik mEiE.

2.3.4 STk AALIG ARG m M3 GLU & &%
R . Ab PRI E] K A2 AR ) B R, S5 AL B
2 GLU & i Fifi S W 20 R 38 1 T s 2k 1) e o 1L 7% )
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Tab.7 The effect of acute ammonia toxicity on plasma GSH content in turbot
LY 2H A H K GSH (umol/L)
Groups 0 4h 8h 12h 24h 48 h 72 h 96 h
Ciifol 36.96+4.52% 38.42+2.52%8 36.07+5.33*% 37.33+1.67* 42.23+3.41* 40.40+4.29** 38.51+£5.76" 40.70+7.46™*
A 40.34+4.80° 40.79+4.49%°4B 39 08+4.69% 44.06+5.13%°4P 44.33+3.88%4 49.13+5.77°8 51.1142.38"% 51.71+3.858
B 41.12+5.21°443.09+5.40*" 39.16+3.96™ 44.03+7.52*B 43 89+8.83°4 50.52+2.53%°8 58 36+6.07°% 52.08+8.85°""
C 41.09+2.56*438.15+1.08*  40.20£3.27** 41.05+4.25" 44.08+6.57** 59.33+3.68°C 58.29+5.32° 54 77+6.40°"
D 40.81+0.57"439.53+4.24**8 38 86+2.90° 41.38+7.55™* 58.83+7.11"% 61.76+10.15"C —
E 38.69+6.90™ 42.87+3.72"AB 51 54+5 84°B 54 28+1.76°®  60.03+5.74°® 60.89+1.17°C — —
F 41.4843.95"4 45.27+4.89*8 68.55+5.25%C 77.50+3.76°¢ — — — —
G 40.87+4.07°4 47.62+4.20°  69.26+2.49*C 77.85+3.99"C — — — —

WA E J5 2245381 Two-way ANOVA analysis
HHA TAN

F=FE It (8] Exposure time
RS BB N 1) 52 HAE ] TANXTime

F=53.418, P<0.001
F=43.413, P<0.001
F=7.143, P<0.001

=8

FRSMEMB X E M RFEEHEREI 2NN

Tab.8 The effect of acute ammonia toxicity on plasma AKP content in turbot

DL TP BER B AKP (U/100 ml)
Groups 0 4h 8h 12h 24 h 48 h 72 h 96 h
C?;’:‘il 1.88+0.28" 1.96+0.08*  1.97+0.09**  1.92+0.22** 1.91+0.21** 1.89+0.26* 1.99+0.26** 1.90+0.23**
A 1.91£0.17**  1.95+0.12°* 2.21+0.22%4B 2.30+0.20"* 2.36+0.26*% 2.39+0.13°4% 2.84+0.10°® 2.43+0.38°"
B 1.89:£0.24** 2.0240.23%4 2.14£0.12°°%48 2.29:+0.17°48 2.55+0.23° 2.47+0.23%8 2 974021 2.5120.34%5
C 1.93+0.22** 2.30+0.30°4B 2.37+0.19°*48C 2.32+0.21%48 2.62+0.26"® 2.80+0.21°5¢ 3.34+0.20°® 2.52+0.26°°
D 1.96+0.24** 2.39+0.28%4B 2 64+0.17°BL 2.93+0.19°BC 2.79+0.15*F  3.02+0.27°C — —
E 1.86+0.16™ 2.39+0.19%4P 2 58+0.29°BCP 2 82+0.14"BC 3.42+0.18°C 3.38+0.57°C — —
F 1.96+0.29" 2.45+0.25°*8 2.84+0.28"P  3.26+0.55C — — — —
G 1.98+0.20°"  2.59+0.24°®  3.01+0.25°° 2.73+0.16"EC — — — —
WA 2 5 245381 Two-way ANOVA analysis
MEA TAN F=42.858, P<0.001

F P [H] Exposure time
M A S 2 038 HAE ] TANXTime

F=44.815, P<0.001
F=3.623, P<0.001

[ AF R $2 1T, 177 Bt A B S ) 52 5 b IS R R AR A
P EWEH(F I G 41)GLU SH7EMSA 4 h Bk
KAE, 1M 12 h FREEEBARRKE, &L T BT
(P<0.05); D fll E 4 GLU & &7 8~12 h . & TF & (P<
0.05), & 48 h B T [ B AR KF(P<0.05); Rk
FEZ(A. B HIC 4)IMKE 8~48 h BT, 72h 5%
RS, & 96 h SR E = TRHR(P<0.05), {H
3 b BREH 8] TG 3 25 5 (P>0.05),

3 iTig

f

o

X2 A REMERON A SRS P2 o), 18 1

BEPERON R AR B RN . AR | S T FEAIR
%5 (Peng et al, 2017), i 2VHERN; D) 2& B A g ast 3 5
S HURTTAY L WRUKARERE L R T L R BT
LEHEE(Ip et al, 2001; Silva et al, 2018), AHF5EH,
A ZE WA W) R ZEETAT O N R 2R B A R
Hh, PR &R B AR, TR IR T m A AR R
AR R A CRBERUET, MR 60 22 {0 70 28 Bifa
(Pelteobagrus fulvidraco)Z & Mrid AT A h
B (WA, 2009), B, 7EREEHF AR AT R
AR A v, T DK (A €0 R (6 28 BE s A Sl
B AR
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Tab.9 The effect of acute ammonia toxicity on plasma GLU content in turbot

S % B GLU (mmol/L)

Groups 0 4h 8h 12h 24 h 48 h 72 h 96 h
I HE

CXT‘t‘“l 1.8740.26™  1.93+0.16™  1.96+0.14* 1.98+0.15°C 1.97+0.08°®  1.97+0.12°®  1.98+0.14** 1.95+0.09**
ontro
A 1.9240.17**  1.87+0.12* 2.45+0.19*® 2.53+0.12*® 3.11£0.10° 2.95+0.21°C  2.79+0.23°B 2.50+0.16°®
B 1.88+0.22%*  1.85+0.08* 2.47+0.21°® 2.55+£0.11°° 3.2440.17°" 3.48+0.14%C 2.93+0.08® 2.45+0.18"®
C 1.91£0.13**  1.98+0.21* 2.48+0.23"® 2.78+0.16"P 3.18+0.10°® 3.37+0.419¢ 2.97+0.12°® 2.74+0.10>E
D 1.9240.16* 2.12+0.08***8 3.18+0.25%¢ 3.23+0.09‘¢ 2.37+0.19°C 2.24+0.18**® — —
E 1.91£0.17°*  2.40+0.07°®  3.21+0.18%C 3.96+0.18%F 1.27+0.12**  1.45+0.55* — —
F 1.94+0.12°4  3.20+0.15% 2.63+0.27°®  1.43+0.25*8 — — — —
G 1.91+0.18%%  3.65+0.25%€ 1.56+0.11°* 0.85+0.09** — — — —

W J5 24531 Two-way ANOVA analysis
EE A TAN

7% @2 I} 7] Exposure time

BER S RN 2 T AEH TANXTime

F=53.766, P<0.001
F=36.684, P<0.001
F=46.410, P<0.001

LCso Ml SC [l Tt 0 R AT 2 11, Al M35
B A R4S S (Liao et al, 2011), ARAFFEH, KZE6T
LA RS K (163.90£15.31) g, 4K H(21.06£0.54) cm,
96 h B T2 LCso H 0.64 mg/L(TAN 4 39.73 mg/L), %
THHEA I 2,024 cm)BREBBER(1.14 mg/L)
(74, 2007), Ruyet 25(1995)%F s [m] HiA% K2 6T
M 2PEE A L R, A fias A (6.3£1.2) g
K %(162.8+44.0) g, dE B+ 24 LCso.06n M 3.41 mg/L
TREZ 1.45 mg/L, AN, BAE N 104 g M%) a2
PEMMA K SC 4 0.1 mg/L(Ruyet et al, 1997), k4
TR, KEZEEXT 2 R T 52 B RS e 7 320 3877 o
ik, ZHpf2e 2B IHLE (Randall et al, 2002).

EAMF RN, &R AN g0 ] 5]k KSR
B M 3R AR B R R S R B R (CRH) . 2B LR
B2 I % 2 (ACTH) Tz Joit 2 119 I 2 T+ &5 (Ruyet et al,
1998, 2003; BI%F, 2016), KT Frli—e 4 5] 41
ZU(HPL )Pl iE S — RN R RIS 5 &5 A
i F IR, ISR ) . AR, KEE6T
M3 EPL #E 2 A w1 (8~24 hEP i T &, Bb)e
SRR, MK B TR Y e 0L s (R U4 EPT R 4E
R, B A MO BELLTE 24 hibimfE, BLE,
WA BEARAE AR5 3 K o e, AR 2 E T,
R ) 2 v R T 3 T LA K A T R R R
TE R, 5 I ET 8 1 58 A 1) 20 B AR (Pankhurst,
2011), 2CIK-IEEE AL RGeS, 2% EPI ik
JEE TR T o HPT il 32 40 W) ] 8 A6 25 B 1 3 vh
S FE TR, SREUAE 3K B R AR 2 A R 4 i 1)
FRIKF-, il EPL AE A J5 IR B 20 B, X

A RE B REXT EPT (1 RS A DG (T 33k, 2009),
RS2 G 28 PN G i 32 498 0T 2 R 3 1) A 3 e iy R HG
T HLEA A T T T ACE RIS ZE KR &

VE R B S A N i e &R, | A KA 8)
W= e Ko 15 1 4 7% (Reactive oxygen species, ROS),
AT 3 3R TR sh bt A A6 S (Sun et al, 2011;
Monteiro et al, 2006; Paulino et al, 2012), AWF5TH,
M3 SOD . GSH & it 5 2 Z e J3& 1 5 2 1 [1] 45 R
T A YOG R, SRS EE(F I G 4H)ia 4 h,
TR E TR, AT R A (12 h) ik IR
AR B2 2H (A~C 41)SOD #& AR 5 IR a3, Jihia 5
W AN X IR, GSH WL i EAER 2 24 h, I
Ja BT RER S, 96 h I8 & = TR R . A%h
H 5 7F i (Paralichthys olivaceus) (4% /145, 2007) . 5]
B & 8 (Verasper variegatus)( T vi A%, 2017). A
fi.(Paralichthys orbignyanus)(Maltez et al, 2017) , ¥ ff1
(Ctenopharyng odon idella)(J& &, 2012) Fl & i 1o
(Zhang et al, 2018)5F ZA~WFh i) 2 S WiraE X #6014 5
(AR GHE{FSTEREL (T

SR 30 25 1 B A0 2 G 2 T e R T B
RERIRAE, 2015), 1Atk A a2 s Dy fig
S BT I AT 50/ . AKP S 28 B B 1 AR R S
G Ebn AR, VRN —Fh AN N, AR B AN I
ST S FE R, ISR KT 1 28 Ak B e T Bk
BURZHEY . A0 B 405 B B RIBLAA S i i 7 (Silva et al,
2018). ABFFEHT, M3 AKP & e 2 vk an R bl
A VR R 1 P i g TR B T , Ak 3 s ] S 4 R R
BT RS, Ml Peyghan %5 (2002) %} fi £
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(Cyprinus carpio) 78 45 A — 2, Z A X a2 i
G SRR rap e (e P N N = ol e AR i
(KR . FE IR R I, 7 Y 2 R [ PN R 3
YU 7, B AKP BRSO A ML , 75 13K AKP
il 7 o BsF () PR T o (2 ZE RS, 2018) AIRIR 4 i
K AKP FETIIZENE e 5 AW a5 R LR 2
NG, SRR T B SRR G52 1 REAIG

A N SN e — PR RE R I AR, A R AR A
SR AE RIS A0 B TR AR, O IR N 2 S B K
AR A R R IIR A, 2010), S ANEMEMNE & S8
2R IMUBE VR BE B 38 8, IUME 2 Bl ol 2 s ] S22 80 5 T I
MRS, mlk A TR, X — T e
(E3, 2007). B (Slurus meridionalis)(i#X 1 ¥,
2006)F11 BT X 76 fifi (Lophiosilurus alexandri)(Silva et al,
2018)4: LAt PG BB . ARBF5TH, GLU &
Wi 20 20 Ml A P v e 7 (R B T, T o (] 2 RS
TG R AR A ka3, vk 21 78 38 9730 (4~8 h)GLU
R &3 Tk, B AT 2 £5, EFET-RT(12., 24 h)
ARV PRl T B o v B 2L e 30 (48 h PR Il b
BT, JE IR TR, 96 h 475 3 = T
(P<0.05), HHICHE 555 HAth £ 2 S 5002 M Tl 3 1) it
ARV R AR R o o i 88 A T ) 30 ot b T 2 T g
i T A RO 5 E X AME R R TR, S 8ok
SEAVE R INGR , IURE 5 20 T (Silva et al, 2018),
Wi 5 PR i ) S K R A3 I T, AL A R %o 3 31 3k
LI A, OSSR R, ORI S AL g e T
W AR B RE RN, BUHE AT h KEEBEFE TN Ay
A SE TR

LE Lk, ARSI AT, KEEF RS
[(163.90£15.31) g]TAN Al NH3-N 96 h ) LCs 235
39.73 F10.64 mg/L., AW . BEEHTA] e —FH 5L H.
YERIXT L% EPT, FZ il . SOD, GSH., AKP #ll GLU
TR AGYERAAE 52 s Horp, IfigE EPI. SOD.
GSH. AKP Fll GLU i 2 2 e B T 55 o 1y B[] B2 717,
EPI. FZJBilE. AKP Hl GLU Fifi % 2 i i) ZE K Sk 5
S b FHE T KRR A v R B JhraE 20 (FG 411 2% SOD
1 GSH 7E 0 W PR 7 . GLU PR T = 5 2
FEAIC, W2 A 2SO0 R 5 S e N i . 2k
FEAR I ZEEL AT D) BESZ A
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Toxic Effects of Acute Ammonia Stress on Young Turbot Scophthalmus maximus

MENG Zhen', ZHANG Hongli?, LIU Xinfu'”, JIANG Yong®, JIA Yudong',
LIU Bin', QU Jiangbo*, XU Rongjing®
(1.Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences; Key Laboratory of Sustainable Development of
Polar Fisheries, Ministry of Agriculture and Rural Affairs; Pilot National Laboratory for Marine Science and Technology
(Qingdao), Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao 266071; 2. Research Center for

Harmful Algal and Marine Biology of Jinan University, Guangzhou 510632; 3. National Oceanographic Center, Qingdao
266071; 4. Tianyuan Aquaculture Co., Ltd of Yantai Economic Development Zone, Yantai  264006)

Abstract Ammonia can easily form in intensive culture systems due to the ammonification of
uneaten food and animal excretions, and usually results in detrimental health effects to teleost. The aim of
this study was to provide a reference value for the safe regulation and control of ammonia in the
aquaculture of turbot, Scophthalmus maximus, and obtain the corresponding biomarkers of blood
physiological indexes under acute ammonia stress. The acute toxicity effects of ammonia on young turbot
[average body weight (163.90+£15.31) g] were studied with a 96 h half-static toxicity test. The effects of
different ammonia concentrations and exposure times on plasma physiological indexes were determined.
The results showed that the semi-lethal concentration (LCsp) of total ammonia (TAN) and non-ionic
ammonia (NH;-N) for 96 h were 39.73 mg/L and 0.64 mg/L, respectively, when the sea water temperature
was (19.0+£0.5)°C, pH value 7.85, salinity 29.5, and dissolved oxygen (7.8+0.2) mg/L. The plasma
epinephrine (EPI), cortisol (cortisol), superoxide dismutase (SOD), reduced glutathione (GSH), alkaline
phosphatase (AKP), and blood glucose (GLU) contents or activities were significantly affected by both
the ammonia concentration and exposure time. Furthermore, the interaction between ammonia
concentration and exposure time also significantly impacted these indexes. The response time of plasma
EPI, SOD, GSH, AKP, and GLU advanced with the increasing of ammonia concentration, while EPI,
cortisol, AKP, and GLU showed a trend of increasing first and then decreasing with prolonged exposure.
These plasma physiological indexes can be used as biomarkers for acute ammonia toxicity. The plasma
physiological responses of the high concentration toxic group were characterized by their plasma SOD
and GSH rapidly increasing over the exposure period (within 12 h), and GLU rapidly increased at 4 h and
decreased sharply before death. The results suggested that the death of juveniles under acute ammonia
toxicity may be due to oxidative stress, physiological metabolic disorders, and impaired respiratory
function.
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